Introduction:
It has been shown that several medications are effective in the treatment of allergic rhinitis (1) (2) (3) . Among them, oral H1-antihistamines and intra-nasal corticosteroids are the most widely used.
A large number of studies have been carried out with these drugs but they use various end points which make these studies difficult to be compared. Moreover, the pharmacological properties of these drugs are well known but recently, new data have focussed on the mechanisms of action of H1-antihistamines and their so-called ÔÔanti-allergicÕÕ properties.
Guidelines for the development of drugs used in allergic rhinitis are pending. It seemed therefore important before proposing recommendations for such guidelines to define the properties of oral H1-antihistamines, anti-allergic effects of H1-antihistamines and intra-nasal corticosteroids.
There is therefore an urgent need to make internationally valid definitions. These will be of importance for physicians and scientists but also for drug companies developing new drugs and registration authorities.
1-Oral H1-antihistamines:
Definition:
H1-blockers or H1-antihistamines are drugs with blocking activity at the H1 histamine receptor level. Some also possess additional anti-allergic properties. During the last 20 years, pharmacological research has produced compounds with higher potency, longer duration of action, faster onset of action and minimal sedative effect and impairment: the so-called second generation H1-antihistamines, as opposed to the first generation H1-antihistamines (3) . The term ÔÔthirdÕÕ generation should be reserved for a H1-antihistamine with novel properties, not necessarily anti-allergic.
Pharmacological properties:
Although a number of mediators are involved in the pathophysiology of allergic symptoms, histamine remains a major one. Histamine acts, in the nose, predominantly via H1 receptors (4) . The role of H2 and H3 receptors has not been fully clarified. Unlike histamine, binding of the antagonists to the receptors does not elicit a tissue response. Inverse agonism, i.e., stabilisation of an inactive conformation of the histamine H1 receptor, may be a key component of the mechanism of action of H1-antihistamines and it has been proposed by some to rename this class of drugs as ÔÔinverse H1-receptor agonistsÕÕ (5) . However, these effects have not been demonstrated in vivo.
Over the past 20 years, it has become clear that many H1-antihistamines have ÔÔanti-allergic propertiesÕÕ in addition to their H1-receptor blockage properties (6) . These vary depending on the molecule and target organ (see below) (7).
Pharmacokinetics:
Most of the new oral H1-antihistamines have a fast onset of action (20 minutes to 2 hours) and a duration of effect that last up to 24 hours. Acrivastine has a shorter duration of action and should be administered twice daily. Intra-nasal H1-antihistamines have a faster onset of action but these medications also need to be administered twice daily (for review see (3)).
Certain foods have been found to alter the absorption of some oral H1-antihistamines. The absorption of many drugs can also be affected by their interaction with ATPbinding cassette (ABC) transporters. The most extensively studied of these ABC transporters is the protein product of MDR1 (multidrug resistance) that encodes a 170-kDa integral plasma membrane phosphorylated glycoprotein known as P-glycoprotein (P-gp). Grapefruit, orange, and apple juices decrease the oral availability of some oral H1-antihistamines by interacting with P-gp (8) and organic anion transport polypeptide (OATP) (9) .
Some oral H1-antihistamines undergo hepatic metabolism via the cytochrome P450 system and are transformed into active metabolites. Cytochrome P4503A (CYP3A) is importantly involved in the metabolism of many chemically diverse drugs administered to humans and can lead to drug-drug interactions (10) .
Efficacy:
H1-histamine stimulation of the nasal mucosa produces the classical symptoms of allergic rhinitis e.g. sneezing, itching, rhinorrhea and congestion both in adults and children (11) . These symptoms can therefore be controlled by administering H1-antihistamines.
However, oral H1-antihistamines are usually less effective against nasal obstruction because other mediators, and histamine acting through the H3 receptor, impact this symptom. Some studies have found that some drugs significantly reduce nasal congestion, although the magnitude of the effect is not comparable to that of intranasal corticosteroids (12, 13) .
The prophylactic effect of oral H1-antihistamines has been suggested (14) but never demonstrated in clinical trials.
These drugs are also effective in the relief of symptoms of allergic conjunctivitis, They reduce cough (15, 16) and throat clearing. Although they have limited efficacy in asthma (17), they cause no harm for this condition. In some studies, it was found that oral H1-antihistamines alone (often at a dose higher than the registered one) or in combination with decongestants had some effect in seasonal asthma associated with rhinitis (18, 19) .
A study suggests that cetirine may have a role in the prevention of the onset of asthma (20) but more data are needed.
Safety:
The most troublesome side effect of first-generation H1-antihistamines is sedation (21, 22) . This can be defined as a global impairment of psychomotor performance and, subjectively, as a proclivity to fall asleep. Unfortunately, sedation and impairment are not invariably linked. Some individuals do not feel sedated, but are impaired. The second-generation H1-antihistamines are in general less likely to cause sedation (23) .
A major concern has been the arrhythmogenic action and associated fatalities have been exceptionally caused by terfenadine, astemizole and high doses of diphenhydramine (24) . The cardiac effects relate to the binding affinity for a K channel, -iK r , a potassium inward rectifying current coded by the human ether go-go related gene (HERG). Although this K channel has high homology with the H1-receptor (5), the prolongation of the QT interval is not class effect, and, is mostly associated with terfenadine and astemizole. These drugs have been withdrawn in many countries because of these serious adverse effects.
Most, if not all, older, classical H1-antihistamines possess pharmacologic effects that are not related to H1-blockade (24) . Many first-generation H1-antihistamines block cholinergic muscarinic receptors in a dosedependent manner. Due to their anti-cholinergic effect, the first generation H1-antihistamines often caused dry mouth, tachycardia, urinary retention and blurred near vision.
The side effects of decongestants are present when H1-antihistamines are combined with a decongestant.
Specific problems of the class:
None.
Requirements for the class:
Several properties should be met by oral H1-antihistamines in development:
Pharmacologic properties: -potent and selective H1 receptor blockade, -additive anti-allergic activities (see below), -No clinically relevant pharmacokinetic interference by foods, medications or intestinal transport proteins, -no known interaction with cytochrome P4503A (CYP3A), -no known interaction with disease to avoid toxic reactions.
Efficacy: -effective in the treatment of intermittent and persistent rhinitis as defined in the ARIA document (25) . -effective for all nasal symptoms including nasal obstruction, -improvement of eye symptoms, -if a claim for asthma is made:
-improvement of asthma symptoms (short term studies), -reduction of asthma exacerbations (long term studies), -an improvement of the pulmonary function tests, even though in pollen-induced bronchial symptoms, FEV 1 and peak flow rates are usually not altered.
-if a claim for a preventive effect is proposed, appropriate trials should be conducted. -Studies should be carried out in young children and elderly patients to assess efficacy.
Side effects: -no sedation or cognitive or psychomotor impairment, -no anti-cholinergic effects, -no weight gain,
Requirements for medications commonly used in the treatment of allergic rhinitis -no cardiac side effects, -possible use in pregnancy and breast feeding -Studies should be carried out in young children and elderly age patients to assess safety. -Prospective post-marketing safety analyses should be conducted.
Pharmacodynamics:
-rapid onset of action, -long duration of action, at least persistence of clinical effects at the end of the 24-hour dosing period, so the drug can be administered once a day,
-no likelihood of development of tolerance (tachyphylaxis).
Comparison with other drugs used to treat rhinitis (conjunctivitis):
2-Anti-allergic effects of H1-antihistamines:
Histamine is not the only mediator released during allergic reactions (26, 27) . Even though oral H1-antihistamines differ in their relative H1 antagonism, it is usually impossible to differentiate the clinical efficacy in the treatment of nasal, ocular or skin symptoms of these drugs when they are compared in placebo-controlled clinical trials. Changes in skin test reactivity induced by oral H1-antihistamines do not correlate with symptoms during nasal challenge or the pollen season (28) . It appears that oral H1-antihistamines may have additional properties to H1 blockade, and these are called ''anti-allergic effects''. These properties differ depending on the molecule or the target organ. They can be demonstrated in vitro, in animal and in human studies (for review see (3, 7)).
Much of the so-called anti-allergic effect of the drugs is due to stabilization of the inactive form of the receptor. Even in the absence of its agonist, histamine, the H1 receptor exists in two forms, active and inactive. The active state upregulates NF-kappaB which in turn will migrate to the cell nucleus and affect transcription and therefore production of many pro-inflammatory mediators such as ICAM-1, VCAM-1, iNOS, IL-6 or GM-CSF. Anti-histamines stabilise the inactive form of the receptor and thereby will have a number of receptor dependent anti-inflammatory effects. There are, however receptor-independent effects including inhibition of release of some mast cell mediators perhaps by competitive inhibition of the binding of calcium and there seem to be true anti-allergic effects unrelated to the H1-receptor blockade.
In vitro, H1-antihistamines are able to block mediator release from basophils and human mast cells and to reduce the activation markers of some cells such as eosinophils. The concentrations required to achieve the effects are often high, in the micro-molar range. Using new tools of molecular biology, it is possible to demonstrate that the anti-allergic effect is independent of the H1-receptor.
These anti-allergic effects can be seen in vivo in skin, nasal and ocular challenge studies in man. Oral H1-antihistamines were found to reduce the release of proinflammatory mediators, adhesion molecules such as ICAM-1, and, for some molecules the recruitment of inflammatory cells. Doses required to achieve these effects however, were often greater than those recommended for therapeutic use. Studies in bronchial samples were inconsistent.
Some of these anti-allergic effects were confirmed by clinical trials carried out during the pollen season (29) or natural exposure to house dust mites (30) and in chronic asthma as a steroid-sparring effect (31) . Doses required to achieve these effects were however sometimes greater than those recommended.
The clinical relevance of these anti-allergic effects remains to be understood.
It is proposed to ascribe an ''anti-allergic effects'' to oral H1-antihistamines possessing the following properties:
Any claim for additive anti-allergic properties should be linked to a clinical benefit for the patient for the treatment of allergic symptoms (e.g. corticosteroid sparring effect in asthma).
A mechanistic explanation of the anti-allergic effect should be added.
-reduction in the levels of pro-inflammatory mediators, adhesion molecules or cytokines in nasal or ocular secretions, -and/or reduction in the number of inflammatory cells in the skin, nasal or ocular tissues, -During challenge or natural allergen exposure (i.e. pollen season, natural mite exposure), -At the recommended dose. -Assessment anti-allergic properties for combinations (with decongestants or anti-leukotrienes).
3-Intra-nasal glucocorticosteroids:
Glucocorticosteroids are currently the most efficacious medication available for the treatment of allergic and non-allergic rhinitis. The effect of intra-nasal glucocorticosteroids is based on local activity; the administration of the equivalent amount of drug orally produces no benefit. The rationale for using intra-nasal glucocorticosteroids in the treatment of allergic rhinitis is that high drug concentrations can be achieved at receptor sites in the nasal mucosa, with minimal risk of systemic adverse effects.
Pharmacological properties:
Glucocorticosteroids can suppress many stages of the allergic inflammatory process. This may explain their potent effect on symptoms of allergic rhinitis (32) . Many cells and cytokines playing an active role in allergic inflammation in the nose are influenced by intranasal glucocorticosteroid treatment (32) .
The effect of glucocorticosteroids is caused by binding to a single glucocorticoid receptor, which is predominantly localised to the cytoplasm of target cells. After binding of the glucocorticoid, the complex moves to the nuclear compartment where it increases or inhibits gene transcription through a process known as transactivation and transrepression respectively (33) .
Pharmacokinetics:
Due to their mechanism of action, glucocorticosteroids have a slow onset of action and need a few hours to be effective. They appear to demonstrate efficacy after 7 hours of treatment but their maximum efficacy may require up to 2 weeks.
Until recently, it was thought that there was a need for a regular treatment which was found to be more effective than a prn one (34) . However, recent studies show that they can be administered as required and show similar or better efficacy than oral H1-antihistamines (35) .
Efficacy:
In intermittent or persistent allergic rhinitis, intra-nasal glucocorticosteroids very effectively control nasal symptoms in the majority of patients (for review see (3)).
They are effective for all nasal symptoms including nasal blockage.
However, not all patients benefit equally from the treatment. Failure to treatment will frequently be due to failure to take the treatment on a regular basis, or, equally important, failure to use the nasal spray correctly or local side effects.
The prophylactic effect of intra-nasal glucocorticosteroids has been suggested in clinical trials (36) .
Intranasal corticosteroids are effective within hours but their full efficacy is reached after 2 weeks of treatment.
As required (prn) medication appears to be a treatment option but more data are needed.
A once-daily administration is possible with most drugs.
Intra-nasal glucocorticosteroids are equally or more effective than oral H1-antihistamines in rhinitis (37) .
They are more effective than topical cromones. They are partially effective for eye symptoms. They may improve asthma symptoms and exacerbations.
In all guidelines on the management of rhinitis, intranasal glucocorticosteroids were considered first-line therapy in moderate to severe cases of persistent allergic rhinitis in adults (3).
Safety:
Local side effects: The current intra-nasal preparations are well tolerated. Crusting, dryness and minor epistaxis may occur in 5-10% or patients, occasionally persistent and a reason for withdrawal of the product. Intranasal corticosteroids can be used on a long-term basis without atrophy of the mucosa (38) (39) (40) . Hypothalamic-pituitary-adrenal (HPA) axis suppression: Systemic absorption may occur following inhaled and intra-nasal administration of glucocorticosteroids, but patients receiving only intra-nasal glucocorticosteroids appear to be at very low risk of developing HPA axis suppression because of the low doses required (41) . More studies are needed to fully appreciate the effect of combined intra-nasal and intra-bronchial glucocorticosteroids, in particular in children.
Other side effects such as skin thinning, increased cataract formation, glaucoma, metabolic changes and behavioural abnormalities may be observed with inhaled (bronchial route) glucocorticosteroids. However, they do not appear to be present in patients receiving only intranasal glucocorticosteroids.
In children, growth retardation has been observed for beclomethasone administered over a year by intra-nasal route (42) . However, studies with other molecules did not find this side effect. From the studies of inhaled glucocorticosteroids in asthma, longer treatment was not associated with growth effects. The same may apply for intra-nasal corticosteroids (43) .
In children, the impact of cumulative doses of intranasal and inhaled corticosteroids administered to the same patient needs to be considered. Moreover, many children with concomitant atopic dermatitis require skin applications of corticosteroids.
There are very few documented studies with intra-nasal glucocorticosteroids during pregnancy (44) .
Specific problems of the class: none.
Requirements for the class:
Several properties should be met by intra-nasal glucocorticosteroids in development:
Pharmacologic properties: -potent action on transcription factors, -first pass hepatic metabolism,
Efficacy:
-effective in the treatment of intermittent and persistent rhinitis as defined in the ARIA document (25) .
-effective for all nasal symptoms, -improvement of eye symptoms,
Requirements for medications commonly used in the treatment of allergic rhinitis -if a claim for asthma is proposed: -improvement of asthma symptoms (short term studies) -reduction of asthma exacerbations (long term studies) -an improvement of the pulmonary function tests, even though in pollen-induced bronchial symptoms, FEV 1 and peak flow rates are usually not altered.
-if a claim for nasal polyposis or sinusitis is proposed, the adequate appropriate trials should be conducted -if a claim for a preventive effect is proposed, appropriate trials should be conducted.
Side effects: -minimal local side effects -no HPA axis effects -especially in children -and in association with the inhaled (intra-bronchial) form -no long term effect on growth in children -possible use in pregnancy
Pharmacodynamics: -assessment of the onset of action, -long duration of action, at least 24 hr, ability to be administered once a day, -if a claim for a prn use is proposed, additional appropriate trials should be conducted.
Comparison with other drugs used to treat rhinitis: 
